PHYSICS: TOLMAN AND STEWART mecum, and the cutting is due to constriction in this ring, and the constriction to a change in surface tension, the work invo ved would require a minimum reduction along the inner surface of the ring of at least 383 dynes per centimeter.
Moder theories of electricity have led to the belief that the passage of an electric current through a metal really consists in the progressive motion of 'free' electrons contained in the body of the metal itself. If this be true we may now expect a number of effects arising from the mass of these electrons which were not predictable on the basis of older theories which thought of electricity as a sort of intangible massless fluid.
As examples of such effects, we should expect the rear end of an accelcrated rod of metal to become negatively charged owing to the lagging behind of the relatively mobile electrons which the metal contains, and should expect the periphery of a rotating disk to become negatively charged owing to the action of centrifugal force on the electrons in the disk. Such effects would presumably be very small, however, owing to the exceedingly small mass probably associated with the electron.
In the case of electrolytes, where the mass associated with the carriers of electricity is much larger than in metals, such effects have already been detected by ColleyL and Des Coudres2 using respectively the accelerational and the centrifugal method, and have been subjected to a more elaborate quantitative investigation by Tolman3 and by Tolman and Osgerby.4 In the case of metallic conductors, Maxwell,b The apparatus consisted essentially of a coil of insulated copper wire, wound on the periphery of a wheel which could be rotated at a speed of about 5000 r.p.m. and brought suddenly to rest. The two ends of the coil were lead to the center of the wheel and there made connection, through wires which were allowed to twist up, with a ballistic galvanometer which measured the pulse of electric current which was produced by the tendency of the electrons to continue in motion after the wheel was stopped. For the purpose of eliminating accidental effects it was found among other things necessary to construct the apparatus of non-magnetic materials, to rotate the coil of wire in a space in which both the horizontal and vertical components of the earth's steady magnetic field has been neutralized, and to compensate for the variable part of the earth's magnetic field by connecting in series with the rotating coil a compensating coil having the same flux area but wound in the opposite direction. For details of thepparatus our complete article which has been submitted to the Physical Review for publication must be consulted.
The galvanometer throws were found to be in the direction predicted on the basis of a negative charge for the mobile carrier in metals and to agree within the limits of error with the equation vl of which the derivation will be given in our complete article. Q is the pulse of electricity sent through the galvanometer on stopping, v is the velocity of the periphery of the wheel at the instant of stopping, I the length of the. coil, R the total resistance in the circuit, F the value of the faraday, and M is a constant whose value ought to be fairly close to that of the mass associated with one equivalent (i.e., with F= 96,540 coulombs) of electrons. For copper wire the average value of M from 131 runs was 1/1910 which may be compared with the accepted value for the mass of one equivalent of electrons in free space, namely 1/1845 (i.e., the ratio of the mass of the electron to that of the hydrogen atom).
Our purpose in carrying out these measurements has not been merely to demonstrate an effect which has long been an object of search; we have also had in mind the possibility of obtaining from our experiments information as to the nature of the conducting process in metals and indeed perhaps further information as to the nature of the electron itself.The equation given above which we have tested in this work was derived on the assumption that the conducting process in metals is in the nature of a drift of 'free' electrons when acted on by an electric field, and the fact that the equation seems to fit the experimental facts is to some extent a verification of these assumptions. Such considerations are of particular interest at the present time in view of J. J. Thomson's pro-posal9 of a quite different theory of metallic conduction. According to his theory, a metalScontains atoms which are in the nature of electrical doublets which will orient themselves parallel to any applied electrical fied. These atoms are assumed to have the power of ejecting electrons in the same direction as the axis of the doublet and hence the conducting process on the basis of this theory consists in a tendency for orientation of the doublets under the action of the applied electromotive force and a conseqtent ejection of electrons from one atom to another in the direction in which the current is known to flow. It seems very doubtful to us whether such a theory can be satisfactorily brought in{o agreement with our experimental results, since it would seem at first sight to be merely an accidental coincidence if the mechanical forces which we apply should produce an'orientation in the right direction and of the right amount to give the pulse of electricity whose magnitude we have calculated on the basis of the other theory and actually found experimentally.
